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THE EFFECT OF OXYGEN FUGACITY AND PRESSURE ON SOLUBILITIES OF NICKEL AND COBALT IN
SILICATE MELTS IN THE PRESENCE OF GRAPHITE AND (CO,COy) FLUID. A. A.. Kadik (Vernadsky Institute of
Geochemistryand Analytical Chemistry, RAS, Kosigitst. 19, Moscow V334, Russia, and J. RHolloway, Departments of
Chemistry and Geology, Arizona State University, Tempe, USA.

It has beerknown for someime that siderophile elementwhere n is the valence of the metal ion. The equilibrium con-
abundance in the Earth’s mantle is hiigh metal tohave stant of reaction (1) is given by
been in equilibrium with silicate particularly if equilibrium
was established at low pressure and temperangas the K = [(X(MeOns) x y(MeCn2)]/[a(Me) x (fO)™4] 2
surface of theaccreting Earth [1-6]Although a variety of
models have been proposed to expldiis apparent dise- where X%, a , andy;, denote mole fraction, activity, arattivity
quilibrium, none has been entirely satisfactory. In particulageefficient (a=y; x X (liquid silicate). If equilibria of pure
the mantle’s neachondritic ratio of Ni to Co is hard to ex- metals with silicate melts are considered, a(Me) wé,can

plain. Here we report experimental results on solubilities gbtain for the metal melt partitioncoefficient for Me
Ni and Co in silicate melts in the presence of graphite apgmetal/silicate)

(CO,CQ) fluid at 1350-1400°C and 7-15 kbar, whitow
that elementdecome morsiderophile with increasing pres-log D(metal/silicate) = log [X(Me)/X(Me®y)] =
sure along the .C-CO-G@xygen buffer. const — (n/4) x log f@ 3)
Problem: Theories of théormation ofthe Earthstrongly
suggesthat the Earth shouldave been substantially moltenTo evaluate the importance of the C and the pressieet on
during and immediately after accretion, when molédioy element partitioning we compare ourdata  with
and molten silicate underwent gravitational separation [2,f)(metal/silicate)of Ni and Co at normal pressure [12]. For 7
It is expected that during large-scale melting @wearing and 10 kbar and 1350-1400°C in the presence graphite and
mantle hasbecome progressively oxidizedgsulting perhaps (CO,CQ) fluid and thegiven fO, metal partitions lesstrongly
largely fromthe preferred loss of H and C [4,8,9]. The exinto the silicate melts than at atmospheric pressure in the
perimental work on metal-silicate partition coefficieatlows absence of C (Tabl#). At constant fQ the effect of pressure
that the mantle oxidation in this case should be critical to an the equilibrium (1) is given by
understanding of fractionating of highgyiderophile elements
[4-6]. It was demonstratettiat thecompositionsmetal parti- \/(MeOy,, liquid silicate) — V(Me, liquid metal ) > 0
cles should be drastically modified Ilge melting and the
oxygen fugacityevolution [10]. This study was undertaken torhe positive value oAV will cause the reaction (1) to shift to
examine the effect of pressure and elemental C and (Cf,C@e left with increasing pressurehich effect we observe.
fluid on equilibria between coexisting silicate and (Ni,CoHowever,the apparent partitionoefficientwill also be low-
metallic C-bearing liquids. It is expectédiat the addition of ered if theactivity of Me is lowered irthe metal phase. The
free C andCO,CQ to the systemwill affect the apparent metal phase in our runs is 90-98 wt% of either Ni or Co,
partition coefficient by dilutinghe liquid metal with C and which translates into anole fraction range of 0.90 to 0.96.
possible formation of metallic C-bearing specieshie melt Unless Ni or Co exhibit a strong negative deviatfoom
and the CO-C@vapor phase [11]. ideality in metallic liquid the dilutioreffect will be much
Results: Experimental conditions, electron microprob&maller than the effect observed. Another way to interpret this
analyses, and results are presented in Tabkoth silicate s by consideringhe effect of C species formation in melt or
and C-bearing metal liquids, on quenchifigrmed discrete vapor phases on Nind Co solubility in melt. In contrast to
relatively large masses of metal intergrowth and glass withtfe behavior of Ir inthe presence of graphite at@0,CQ)
few clinopyroxene crystals in somens. The 15-kbar ex- fluid the value of Qi and R, does not show a strong com-
periment was about 90% crystalline. Grapluteurred both position dependence. Experiments on the Ir (metal) + (CO,
as stable crystals icontactwith silicate and metal melts andCo,) fluid C(graphite) + basaltic melt at 1-3 kbar 1200°C
as quench crystals ithe metal phases. The Ni and Co Cshowedthatformation of Ir-C-bearing complexes the fluid
bearing alloys consisted of a quertelxture oftwo metals. phase as well as in the melt leads to a considerable decrease
One metal phase was enriched in Pt (5-10 wt%)@ndn C  of D(metal/silicate) [13]. This variable is approximately two
(0.5 wt%), while the other phase wiasv in Pt (0.1-2 wt%) orders lower than thosfr C-absent system. We conclude
and high in C (1.5 wt%). Either In or CO made up the rehat partitioning of Ni and Co between metal and silicate
mainder of the metal phases. The C contemesmininum phase at pressure up to 10-15 kbar is not sensitive to the C
estimates because a significant amount of quench graphié@itent and most dhe effect is due tgressure However,
exsolved from the metal. metal separation during large-scale melting of @kearing
Discussion: The transition of a neutral metal atdram  mantle at high C activitghe amount of C dissolved in the
metal into silicate melt igccompanied by oxidatioaccord- metal phasemay be similar to that inour experiments

ing to the following equation (Table 1). Itcould affectthe C depletion of the outer mantle,
. o when molten C-bearing allognd molten silicate underwent
Me (solid or liquid metal) + (n/4) x £= gravitational separation. Our experimental results support the

MeOy- (liquid silicate) (1) hypothesisthat C may beone ofthe light elements in the
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molten outer core. Another factor to consider is the effect ofgart by Russian Fund of Fundameritalestigations (grant N
on Ni, Co, and Ir partitioning. 96-05-64954).
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TABLE 1. Electron microprobe analysis eétperimental products in the Ni and Co partitioning experiments and calculated Ni,
Co- metal/silicate partition coefficient at P = 7-kbar, T = 1350-1400°@h the presence of graphite and at P = 1 bar, T =

1350°C for the carbon-free Ab-An-Di system [12].

Metal P, bar t,°C  —og fo, NiO, CoO in Ni, Coin C in metal, D (met/sil)
melt, wt% metal, wt% wt%

Ni 10000 1350 8.18 1.01 £0.09 90.1 £0.05 (LP.69 £0.05 (L) 95.8+7.5
99.4 £ 0.05 (D) 1.46 £0.05 (D)

Ni 10000 1400 7.85 0.92 £0.08 93.7£0.05 (L1.43+0.05 (L) 109.5+9.5
97.1+£0.05 (D) 1.74 +£0.05 (D)

Ni 15000 1350 7.64 n.d. 95.9+0.05(L) 1.54+0.05(L) n.d.

Ni 1 1350 8.18 3.41 £ 0.015 99.9 £0.01 29.3+0.1

Co 7000 1350 8.59 95.2+£0.05 (L)n d. 8.9+0.2
977+005 (D) nd.

Co 1 1350 8.59 18.1 = 0.06 99.9+£0.01 54+0.1

Co 10000 1350 8.59 12.7+£0.2 n.d n.d 79+0.2

Co 10000 1400 7.85 14.1+0.9 92.7 £ 0.05 (Lp.0O 7.0+0.6

86.5+0.05 (D) 6.25+0.05
Co 1 1350 8.18 28.1+0.1 99.9+0.01 36+0.1




